Introduction
Occipital lobe seizures, as defined by subjective symptoms and objective signs, can be recognized by clinical seizure characteristics in most cases. Visual symptoms such as hallucinations and amaurosis are the most common occipital lobe seizure symptoms. 1 Occipital lobe epilepsy consists of childhood epilepsy with occipital paroxysms (CEOP), idiopathic photosensitive occipital epilepsy (IPOE) and symptomatic occipital epilepsy (SOE). CEOP is a recognized form of age and localization-related idiopathic epilepsy. IPOE is also an age and localization-related epileptic syndrome with a specific mode of precipitation. Both groups are benign occipital epilepsies. 2 Though some investigators showed a high risk of learning disability in these children; Gastaut, Panayiotopoulos and other investigators reported that patients with CEOP have a good intellectual prognosis. [3] [4] [5] It was first Sutton et al. 6 in 1965 who described endogenous potentials to be related with cognitive activity. P3 or P300 is the best known endogenous potential with a very stable latency in normal controls 7 and has been used for a long time either on its own or combined with other test batteries for the assessment of cognitive functions in different disorders [8] [9] [10] [11] [12] including epilepsy. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] The hippocampus, 25 thalamus 26 and the mesencephalic reticular formation 27 have all been thought to be generators of P300. However, there are reports suggesting that P300 might be a complex potential arising from multiple generators, including cortical and subcortical structures. 28, 29 Visual and auditory number assay test is one of the tests measuring the capacity of attention, immediate recall, and enumerating. The original name of the test is visual aural digit span and was introduced by Koppitz. 30 It was adapted to Turkish children by Sonsuz et al. 31 The test consists of four sub-tests; namely auditory verbal, visual verbal, auditory written and visual written test assessing verbal and written reactions to visual and auditory presentations.
The aim of our study was to evaluate cognitive functions with P300 and visual and verbal auditory number assays in children with CEOP.
Materials and methods
Thirty epileptic children, 11 girls and 19 boys, with occipital paroxysms were enrolled in this study. The ones who would be able to cooperate with the neuropsychological test battery were chosen. They had almost normal mental and motor development. No patient had a history of perinatal abnormality, major head injury, a congenital central nervous system (CNS) abnormality, psychiatric symptoms, or a major CNS disease other than epilepsy. Occipital epileptic paroxysmal discharges were found on interictal EEGs of all patients. There was no structural lesion on cranial magnetic resonance imaging (MRI). Their ages ranged from 5 to 17 years with a mean of 13.2. Twenty-five age-and sex-matched healthy subjects were used as the control group. Their ages ranged from 9 to 16 years with a mean of 12.7. All patients were selected according to the criteria of the ILAE. 32 Informed consent was obtained from the parents of all children.
Event-related potentials (ERPs) were studied by using a Nihon Kohden Neuropack 8 4200K device. Oddball paradigm was used in P300 recordings. This paradigm is based on distinguishing a target stimuli repeated randomly and less frequently from the non-target stimuli of frequent repetition, and the subject is asked to count the stimuli or to press a button when he/she encounters the stimuli. Binaural auditory stimuli were presented by earphones. Twenty percent of stimuli were rare (target) tones of 1000 Hz (95dB) whereas the remainder was frequent (non-target) tones of 8000 Hz (95dB). The stimulus sequence was random.
The recordings were made by Ag/AgCl electrodes. By using the 10-20 system the reference electrodes were placed over the mastoid regions and the active electrodes over Fz, and Cz. All the electrodes had a resistance of 5 kV or less and the frequency limits were set at 0.1-50 Hz. Thirty-two responses recorded by the target stimuli were averaged. Data from two trials were obtained consecutively and stored. The latency and the amplitude of the P300 wave recorded from Cz were taken into consideration.
Neuropsychological testing was performed in all patients. Each patient was evaluated by a neuropsychological battery on one occasion which included visual and auditory number assays. The duration of the test was approximately 10-15 min for each case.
They were given number assays at first including only two numbers and the numbers were increased to nine depending on the subject's performance. For the auditory verbal test, the examiner told the numbers to the child and asked him or her to repeat them and the numbers were increased as the child repeated afterwards. When he or she failed to do so, another group including the same amount of numbers was given and was expected to be repeated. The score of the test was the maximum amount of numbers remembered and repeated by the child. In the auditory written part of the test, the child was expected to write down the numbers after they were told by the examiner. In the visual verbal and visual written parts, the child was asked to tell and to write down the numbers presented on a paper, respectively.
Mean P300 latency and amplitude values of the patient group were compared with the normal controls by using Independent-Samples t-test.
The neuropsychological test results of the patient group were compared with the normal controls by using analysis of variance.
The linear relations between the neurophysiologic test results (P300 latency) and the neuropsychological test results were studied by using Pearson's correlation.
Results
A total of 30 patients, 11 girls and 19 boys with a mean age of 13.2 years at the time of evaluation, were studied. Age of onset of epilepsy ranged from 2 to 14 years. In eight cases seizures had started before 8 years of age. In 10 patients generalized tonic-clonic convulsions followed visual symptoms. Four patients had hemiconvulsions. Complex partial seizures were described in five patients, nine patients experienced adversive seizures and five of them had visual symptoms. In all of the patients neurological examination and MRIs were normal. Occipital epileptic paroxysmal discharges were found on interictal EEGs of all patients.
All the patients were receiving a single antiepileptic drug (AED) during the time of investigation. Twenty-three patients of them were receiving carbamazepine (CBZ, dose range: 10-15 mg/kg/day), while the others were receiving valproic asid (VPA, dose range: 20-25 mg/kg/day). Serum concentrations, measured in the morning they had been tested were within the therapeutic range, near the lower side (CBZ; 6-8 mg/L, VPA; 50-100 mg/ L). In all the patients effective seizure control was achieved. Demographic and clinical characteristics of the patients and the controls are given in Table 1 .
Mean P300 latency was found to be 360.33 ms in the patient group and 334.96 ms in the control group. P300 latency was significantly longer in the patient group ( p = 0.014). Mean amplitude of the P300 wave was 14.8 mV in the patient group and 13.8 mV in the control group and a statistically significant difference was not present ( p = 0.4).
The results of the visual and auditory number assay test can be seen in Table 2 . The numbers repeated by the children with CEOP were lower than the normal controls and the difference was statistically significant.
It has been investigated whether a relationship was present between the neuropsychological test and the P300 latencies in these two groups. However, a significant correlation could not be found.
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Discussion
Cognitive functions show a tendency to decline in patients with every kind of seizure as well as due to the usage of AEDs. It is known that symptomatic epilepsies cause more intellectual damage than idiopathic epilepsies. A benign prognosis in relation with remission of epileptic seizures and lack of neuropsychological deficits are pointed out as markers of idiopathic partial epilepsies. CEOP is an example of idiopathic partial epilepsies. Recently, however, data about negative consequences of idiopathic partial epilepsies on cognitive functions has increased. [33] [34] [35] [36] The main topic of the studies published so far is the relationship between P300 latency and seizure type and different and inconsistent results have been reported. 13, [15] [16] [17] [18] 37, 38 Until now only four studies dealing with P300 in idiopathic childhood epilepsy have been reported. In these studies small number of patients with CEOP has been included. 14, [38] [39] [40] In our study 30 patients with CEOP were taken into consideration. When the mean P300 latency of the patient group was compared with the result of the normal controls, a statistically significant difference was present ( p = 0.014). However, a difference in the mean amplitude values was not detected.
Different neuropsychological test batteries have been used in several studies to assess cognitive functions in children with idiopathic partial epilepsies. Some of them showed that neuropsychological deficits were not uncommon in these children. [33] [34] [35] [36] In one of them lower scores in attention and memory has been reported. 41 In our study the scores of the visual and auditory number assay test concerning mainly attention, immediate recall and enumerating were significantly lower in patients with CEOP when compared with the normal controls.
Some researchers do not thrust on P300 to evaluate cognitive functions. Rodin et al. 20 proposed that error probability existed on the selection of wave, thus suggested that it would be more appropriate to evaluate cognitive functions with neuropsychological tests. Some studies showed significant correlations between P300 latencies and neuropsychological tests. Neshige and Lüders 9 are among the supporters of the view that a relationship exists between P300 values and WAIS and WISR scores. Wu et al. 42 reported that P300 latencies were not correlated with full scale IQ but arithmetic, digit symbol and picture arrangement subsets were closely correlated in adult epileptics. Naganuma et al. 38 reported that they found a relationship between P300 latency and WISC-R IQ and total Wechsler memory scale scores, especially in the items of attention and short-term memory in epileptic children. In our study a significant correlation between the P300 latencies and the neuropsychological test results was not present either in the patient or in the control group.
There are conflicting reports about the negative effects of AEDs on neuropsychological function. [43] [44] [45] [46] Side effects of AEDs also increase with an increase in the number of the drugs used. All our patients were using AEDs at the time of testing. They were taking only one drug, either carbamazepine or valproic acid, which are known to have less side effects on the cognitive function with moderate to low doses.
Occipital lobes are primarily involved in visual functions and cognitive problems may not be expected in patients with CEOP in whom the seizures are under control by using just one AED with moderate to low doses. However, our study has shown that they may have attention and immediate recall deficits as well as prolonged P300 latencies. These can be due to the ongoing epileptic activity influencing the whole brain. Another theory is the role of the occipital lobe in the neuropsychological organization of the human cortex. 41 There are reports supporting this theory in which parieto-occipital generators for P300 potentials were documented by intracranial recordings. 47 Whatever the mechanism is, the main is that more detailed neuropsychological tests are necessary to find out deficits in different cognitive areas in patients with CEOP and the results of all may help for further educational support of these children.
